Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the stratified deformation organization formed by adding plastic deformation to start 
material. The layer (2) of one of the aforementioned stratified deformation organizations It consists of 
the alloy or compound containing the element of at least one sort of groups of the element of 2A group, 
3 A group, and the 4A groups or 2A group, 3 A group, and the 4A groups. Other layers (3) which touch 
the layer of the above 1 are a hydrogen- absorption material which consists of the alloy or compound 
containing the element of at least one sort of groups of the element of 6A group, 7A group, and the 8A 
groups or 6A group, 7A group, and the 8A groups. 

[Claim 2] Hydrogen-absorption material according to claim 1 into which at least one main half peak 
width of a diffraction peak in the X diffraction pattern of the aforementioned stratified deformation 
organization has the defect density by strong processing to the extent that it becomes width of face of 
0.2 degrees or more. 

[Claim 3] Hydrogen-absorption material according to claim 1 whose layer thickness of one in the 
aforementioned stratified deformation organization is lOnm or less. 

[Claim 4] The manufacture method of a hydrogen-absorption material equipped with the process which 
adds strong processing which is characterized by providing the following, and which is accompanied by 
plastic deformation to start material. One or more sorts of material chosen from the alloy or compound 
containing the element of at least one sort of groups of the element of 2A group, 3 A group, and the 4A 
groups or 2 A group, 3 A group, and the 4A groups. One or more sorts of material chosen from the alloy 
or compound containing the element of at least one sort of groups of the element of 6A group, 7A group, 
and the 8A groups or 6A group, 7A group, and the 8A groups. J 
[Claim 5] The manufacture method of a hydrogen-absorption material according, to claim 4 of adding 
strong processing which is made piling up again mutually the material to which strong processing 
accompanied by plastic deformation was added, and is further accompanied by plastic deformation. 
[Claim 6] Strong processing which the aforementioned start material is the gestalt of powder or a pellet, 
and is accompanied by the aforementioned plastic deformation is the manufacture method of a 
hydrogen-absorption material according to claim 4 which is mechanical alloying. 

[Claim 7] Strong processing accompanied by the aforementioned plastic deformation is the manufacture 
method of a hydrogen-absorption material according to claim 4 performed by 80% or less of 
temperature requirement of the melting point of the material chosen as start material. 
[Claim 8] The manufacture method of a hydrogen-absorption material according to claim 4 of adding 
annealing of 80% or less of temperature requirement of the melting point of the material chosen as start 
material on the occasion of strong processing accompanied by the aforementioned plastic deformation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field this invention more specifically relates to the hydrogen-absorption material into which it 
excelled in hydrogen-absorption capacity, and hydrogen-desorption temperature was reduced, and its 
manufacture method about hydrogen-absorption material. 

Background technology Research and development of hydrogen- absorption material have been actively 
done with increase of the interest about a hydrogen energy system as a material used for storage of 
hydrogen, transportation, separation refining of hydrogen gas, energy-conversion equipment, etc. In 
these research and development, it became clear that there is a problem which hydrogen-absorption 
material carries out pulverization to repeating absorption and discharge of hydrogen, and collapses. 
Then, a high material of the resistance over the pulverization which is excellent in hydrogen-absorption 
capacity, and is produced in connection with the repetition by absorption of hydrogen and discharge was 
called for strongly. On the other hand, the proposal which recommends the material which has the 
laminated structure of the thin film which consists of a 4A group metal and a metal of 6 A group, 7 A 
group, or 8A group was made (JP,9-59001,A). By considering as the thin film object of such a 
laminating, the resistance force to the pulverization produced along with absorption and discharge of 
hydrogen becomes very high. Moreover, in order that 4A group metal which has hep structure in the 
state of bulk material may take bec structure in the laminated structure of a thin film, the position 
between grids in which hydrogen can be held increases. Since the capacity for bonding strength with 
hydrogen to be high from the first, and for 4A group metal to absorb hydrogen is high, hydrogen- 
absorption capacity increases by increase of the kinetic density between grids. Moreover, it follows, and 
by the material which has the laminated structure of the thin film which consists of the above-mentioned 
4A group metal and a metal of 6A group, 7A group, or 8 A group, it is hard to carry out pulverization 
and the material which has very high hydrogen-absorption capacity can be obtained. 
However, at the above-mentioned charge of thin film plywood, since 4A group element Ti is included, 
the weight of the charge of thin film plywood is large, and when mass-producing, the restrictions like 
resources must be received, and it cannot but become expensive exceeding the price suitable as this kind 
of an industrial material for utilization. For this reason, search of the element for which 4A group metal 
can be substituted was performed. Consequently, having the same capacity as 4A group metal was found 
out in respect of hydrogen-absorption capacity in 2 A group and 3 A group metal, and the proposal of the 
charge of hydrogen-absorption plywood which makes 4A group metal substitute for 2 A group or 3 A 
group metal was made (Japanese Patent Application No. 1 1-165890). Mg of the 2 A group elements is 
lightweight also abundantly in resources in weight. For this reason, it was cheap and lightweight and it 
became possible to obtain the charge of plywood excellent in the hydrogen-absorption capacity which 
cannot carry out pulverization easily. 

Then, the purpose of this invention has so low that hydrogen-absorption capacity does not serve as an 
obstacle high and serious although a nickel hydrogen rechargeable battery, the fuel cell using hydrogen, 
the energy conversion system using hydrogen, etc. are easily used for everyday life hydrogen-desorption 
temperature, and is to specifically provide about 150 degrees C or less with the hydrogen-absorption 
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material which can be mass-produced, and its manufacturing method low. 
Indication of invention The hydrogen-absorption material of this invention includes the stratified 
deformation organization formed by adding plastic deformation to start material, the layer of one of the . 
stratified deformation organizations It consists of the alloy or compound containing the element of at 
least one sort of groups of the element of 2 A group, 3 A group, and the 4A groups or 2 A group, 3 A 
group, and the 4 A groups. Other layers which touch the layer of 1 consist of the alloy or compound 
containing the element of at least one sort of groups of the element of 6 A group, 7 A group, and the 8 A 
groups or 6A group, 7A group, and the 8A groups. 

By this stratified deformation organization, contact in the layer of 1 and other layers can make high 
kinetic density between grids which is secured and becomes easy to include the crystal structure of bcc 
in the layer of 1 and by which hydrogen is contained. Moreover, since a stratified deformation 
organization is realized by plastic deformation, defects, such as transposition and a stacking fault, are 
formed by high density, the trap of the hydrogen is carried out to the defective part, and hydrogen- 
absorption capacity improves. Furthermore, since a defective part serves as a high-speed diffusion path 
of hydrogen, hydrogen-desorption temperature falls sharply by formation of a high-density defective 
part. Since it can moreover manufacture by processing meanses, such as rolling, within a short period of 
time, it is efficient and the amount of the order of the ton needed on practical use level can be produced. 
In addition, as it is indicated in drawing 1 or drawin g 2 as a stratified deformation organization, the 
organization for which the overlapping dissimilar materials add and generate strong processing 
accompanied by plastic deformation is pointed out, and it is different from the structure shown in 
drawing 3 known as a laminated structure from the former. In the organization which shows drawing 1 , 
the portion to which each class was equal is turned up at random in the organization which each class 
has gathered in rolling and the direction of a wire drawing, on the other hand shows drawing ! . 
When the quick diffusion in the defective part of a hydrogen atom is thought as important, or when the 
above-mentioned hydrogen-absorption material is others, at least one main half peak width of a 
diffraction peak in the X diffraction pattern of a stratified deformation organization has the defect 
density by strong processing to the extent that it becomes width of face of 0.2 degrees or more. 
The half peak width of an X diffraction peak can estimate the density of defects, such as transposition 
and a stacking fault. Usually, in order to raise the diffusion rate of hydrogen, a half peak width makes 
0.2 degrees or more 1 degrees or more as 0.5 degrees or more and most desirable state preferably. The 
bias of a charge is formed, as a result of being easy to carry out the segregation of the impurity to a 
defective part and an impurity's segregating. It is thought that the bias of this charge has the operation 
which draws and carries out the trap of the hydrogen. In order to produce a trap operation of this 
hydrogen clearly, it is desirable that a half peak width is 0.5 degrees or more. However, it does not say 
that a half peak width should just spread, and it is not desirable to change into the state where a clear 
diffraction peak does not arise by amorphous one, i.e., an X diffraction, as a result of strong processing. 
Since the joint structure in which the crystal structure was formed is cut and the trap of the hydrogen 
atom is strongly carried out by this cut joint structure, although hydrogen storage capacity increases in 
the amorphous state, the amount of hydrogen which can be emitted at the temperature of practical use 
level decreases sharply. In addition, main diffraction peaks point out three high peaks to the 1st - 3rd of 
the diffraction peaks of the material set as the object of an X diffraction. Moreover, when it is the 
material in which many diffraction peaks appear, the 3rd is made into the 5th and it is good also as five 
peaks. A half peak width can be easily read on a chart. However, before the diffraction peak made into 
the measuring object adds plastic working, a half peak width already excepts 0.2 degrees or more of a 
certain things. With the alloy which the deposit of a sludge has produced, since there is a diffraction line 
by which a half peak width becomes 0.2 degrees or more therefore, such a diffraction line is not made 
into the object of measurement. 

When the above-mentioned hydrogen-absorption material securing a latus touch area between the layer 
of 1 and other layers, and obtaining high-density defect density is thought as important, or in being 
others, the layer thickness of one in a stratified deformation organization may be lOnm or less. 
Making thin the layer of 1 in a stratified deformation organization means strong processing accompanied 
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by plastic deformation, and it means disappearance (phenomenon in which a hexagonal thing carries out 
phase "transition easily to a cubic) of the isomorphic operation by lamination, i e disappearance of the 
organization potency force of the crystal structure stable originally, and the high-density defective 
Ration which is formation of the high-speed diffusion path of hydrogen, and a source of a hydrogen 
frap Srther. Moreover, a latus touch area is also securable between the layer of 1 and other layers That 

s as an index of high defect density and a latus touch area, the layer thickness of one m a stra ified 
Station organization can be used. This thickness puts the average thickness of the thickest portion 
of eS class When two layers of 1 are continuing, it considers that it has dissociated on the front face 
of one layer of 1 , and measures. If this thickness exceeds lOnm, defect density and a touch area are 
insufficient hydrogen storage capacity runs short, and hydrogen-desorption temperature becomes high 
Exceeding practical use level. With a transmission electron microscope (transverse electromagnetic), the 
thin film sample which uses a cross section perpendicular to the processing direction as a front face is 
extracted and even if few per one visual field, thickness is measured about ten places and ten visual 
S or more, and the average of the layer thickness of 1 is taken out. When the processing direction is 

he powder which is not clear and which carried out mechanical alloying, it measures with a visual field 
(10 or more per one visual field, and ten visual fields or more), statistical processing is carried out, and 
the above-mentioned thickness is taken out. 

One or moS sorts of material which chose the manufacture method of the hydrogen-absorption material 
concerning this invention from the alloy or compound containing the element of at least one sort of 
groups of the element of 2A group, 3A group, and the 4A groups or 2A group 3A group, and the 4A 
frZ It has the process which adds strong processing accompanied by plastic deformation to the start 
material containing one or more sorts of material chosen from the alloy or compound containing the 
Sement of at least one sort of groups of the element of 6A group, 7A group, and the 8A groups or 6A 
erouo 7 A group, and the 8 A groups. 

Defects such as transposition and a stacking fault, are introduced into a crystal lattice by strong 
SSSSiSS^npanied by plastic deformation. This transposition, stacking fault etc. change to the 
stTte where theTefect became entangled by the increase in the number of times of processing, and it was 
accuimiTated. These defect-cluster sections raise the diffusion rate of hydrogen, and function as a high- 
sperdiffosion path of hydrogen. It is furthermore easy to carry out the segregation of the impurity to a 
defect and the bias of a charge arises according to the segregation of an impurity. The bias part of a 
charge makes the hydrogen storage capacity itself increase in order to act as a trap site of a hydrogen 
2 f Moreover, the touch area of the layer of one in a stratified deformation organization and other 
faySs becomes arge by strong processing accompanied by plastic deformation and it becomes easy to 
nemde bec^ructufe in the la?e!r of 1. If bec structure is included, the density of the position between 
grids which contains a hydrogen atom will become high, and hydrogen-absorption capacity will 

WheTraising defect density more than fixed, and making sufficiently thin each composition layer 
thiokness of a stratified deformation organization by the manufacture method of the above-mentioned 
Sdregen-absoUon material is thought as important, or in being others the materia to which strong 
nrocessing accompanied by plastic deformation was added is made to pile up mutua ly again, and it 
SSfas start material^nd adds strong processing further accompanied by plastic deformation. 
The above-mentioned method enables it to add big plastic deformation, using material effectively, 
since it becomes the configuration of a board or a line by the manufacture method of the above- 
menhoned hydrogen-absorption material - **** - in the case of others, when it is hard to form a 
sSLddefonnation organization, it is the gestalt of powder or a pellet, and start material encloses into 
a pipe with ductility, and strong processing is performed as a state of a board or a line, or it carries out 
strong processing by the mechanical alloying accompanied by plastic deformation 
sLce a stratified deformation organization is formed to a front face or the interior in the state of powder 
of mechanical alloying, a preforming object can be produced using this powder and a desired 
cartoon can be processed. Consequently, it becomes possible to obtain the parts which combined 
high hydrogen-absorption capacity and low hydrogen-desorption temperature without restrictions of a 
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configuration. 

By the manufacture method of the above-mentioned hydrogen-absorption material, when temperature 
goes up in the middle of plastic deformation and it anneals, strong processing or annealing which is 
accompanied by plastic deformation by 80% or less of temperature requirement of the melting point of 
the material chosen as start material in the case of others is added. 

If temperature exceeds 80% of the melting point, alloying will advance between different-species layers 
and the meaning of contact between dissimilar materials will be spoiled. Although it means the melting 
point of the material which generally has the high melting point among dissimilar materials, the melting 
point here may be the melting point of low melting point material in order to reduce the driving force of 
diffusion permeation from a viewpoint which prevents advance of alloying, when a refractory material 
carries out a diffusion invasion alternatively inside low melting point material. Moreover, if temperature 
exceeds 80% of the melting point, the density of transposition or a stacking fault decreases, hydrogen- 
absorption capacity will not decline or the discharge temperature of hydrogen will not fall. In addition, 
the melting point is displayed by Celsius-degree **, and the above-mentioned temperature requirement 
puts 80% or less of Celsius-degree ** of the numeric value of the Celsius-degree **. 
The best gestalt for inventing (example 1 : strip processing) 

First, the example 1 in which the stratified deformation organization which relates to this invention with 
strip pr° cessin S was formed is explained. What is shown in example No.of this inventionl-12 of Table 1 
was used for one kind in 2 A, 3A, and 4A group metal, and one kind in 6A, 7A, and 8A group metal of 
combination. Although one kind is called layer of others one kind of the layer of 1 and 6A and 7 A, and 
the 8 A group metals of 2 A, 3 A, and the 4 A group metals, the layer of 1 and other layers are not 
necessarily arranged regularly by turns. In the part where the layer of 1 was cut for strong processing, it 
is not a regular array. In future explanation, L system metal, 6A and 7A, and 8A group metal are called 
H system metal for 2 A, 3 A, and 4 A group metal. Moreover, what is shown in example No.of this 
inventionl3-17 was used for examples, such as combination of one kind of layer of the L system metals 
inserted into two kinds of layers of the H system metals. Here, the combination which shows No. 13 in 
Table 1 will be repeated, and the layers of H system metal will touch on the boundary line of a repeat. In 
above No. 13-17, example No.of this invention 15 consist of two kinds of layers of L system metal and H 
system metal, and the Mg-Si compound (silicification magnesium) is used as an L system metal. 
Next, the manufacture method of the specimen of example No.of this inventionl-12 is explained. After 
performing pickling processing to one kind of board of L system metal of 1mm thickness, it annealed in 
the elevated-temperature vacuum, the scaling film was fully removed, and it considered as the clean 
surface. You may anneal the process of removal of this scaling film in hydrogen atmosphere or Ar 
atmosphere, without carrying out only pickling and carrying out pickling. Or machine cutting may 
remove a scaling film. Next, after performing the same processing to one kind of board of H system 
metal of 1mm thickness, the scaling film was removed similarly and it considered as the clean surface. 
Subsequently, it piled up one surface-cleaning-ized board at a time by turns, and the layered product 
(20mm in nominal thickness) of a total of 20 sheets was produced. The workability of 10% - 50% of 
rolling reductions per one pass was adopted by having used this layered product as rolling material, and 
multi-path rolling was performed. Especially heating before rolling was not performed, but a working 
speed and the time between paths were adjusted so that it might not exceed 300 degrees C by 
temperature increase by plastic working during strip processing. 

When the thickness of a layered product was measured and it was thin to 10mm for every rolling path, it 
cut in the center section so that the length of a rolling direction might become half, and impurities, such 
as a surface lubricating oil adhering to the front face of each layered product, were annealed and 
removed in pickling and the elevated-temperature vacuum. The laminating of these layered products that 
it was carried out for 2 minutes and defecated the front face was carried out further, and as a rolling 
material with a nominal thickness of 20mm, again, rolling was obtained in Japanese common chestnut 
and carried out. The process of this rolling, cutting, surface cleaning-ized processing, and layered 
product formation ** as a rolling material is repeated 20 times or more a total of 15 times or more 
depending on a specimen, and it was made to go into the range whose thickness of each class is 1-1 Onm. 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 7/22/2003 



Page 5 of 10 



In addition, although it was piled up two sheets this time, having used thickness before piling up as 
10mm, even if it is good and piles up two or more sheets also by the thickness more than it or not more 
than it in fact, it is ineffective to it being the same. When a crack occurred greatly during strip 
processing, the cure which performs annealing processing and raises processability was performed, 
however, an annealing temperature is 300 degrees C or less below the temperature in which diffusion 
does not occur between the layer of L system metal, and the layer of M ** metal 
*1 
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The point that the layered product as a rolling material consists of three kinds of sheet metal is only 
different, and production of the specimen of example No. of this inventionl3-17 of Table 1 is 
fundamentally the same as the above-mentioned strip-processing method. However, example No.of this 
invention 15 consist of two kinds of sheet metal, and one of kinds of it is an Mg-Si compound 
(silicification magnesium). 

The thin film was started from the specimen produced by the above-mentioned method, and it 
considered as the hydrogen-absorption specimen. Hydrogen-absorption processing was performed to 
this hydrogen-absorption specimen by the electrolysis charging method. The equipment which performs 
hydrogen-absorption processing is shown in drawing 4 . In performing hydrogen-absorption processing 
with reference to drawin g 4 5 the specimen 1 0 was dipped in the NaOH solution of 0.1M, and the Pt 
counter electrode 12 was dipped in K2S04 solution of 0.5M. To the specimen 10, positive current was 
passed for negative current predetermined time by the constant current power supply 1 1 again at the Pt 
counter electrode 12. ADVANTEST TR6120A was used for this constant current power supply 1 1. In 
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addition, current value set to 10mA fundamentally, and set up time to pass current in 1 hour. (Current A) 
x time (s) was equivalent to quantity of electricity, and calculated the yield of the hydrogen by 
electrolysis based on Faraday's law using this value. Horiba EMGA621 performed measurement of 
hydrogen by which occlusion was carried out. This equipment can analyze analysis of the absolute 
magnitude of hydrogen, or temperature up analysis. Hydrogen storage capacity was specifically 
calculated by the following methods. First, the temperature up of the specimen is carried out and the 
fixed quantity of the hydrogen which came out of the specimen is carried out by gas analysis. Then, the 
specimen from which hydrogen escaped is melted from an acid, and the fixed quantity of the specimen 
is carried out by the chemical analysis. H/M was calculated from both fixed quantity values. Each used 
bulk material for the example of comparison. 

Moreover, the sample of the board thickness cross section of a board which performed the ultimate- 
pressure total was started, the thin film was created, and transmission-electron-microscope observation 
(transverse electromagnetic) was performed. Moreover, it analyzed by taking an X diffraction pattern by 
the 2theta method about the board thickness cross section. One purpose of taking an X diffraction 
pattern is for investigating whether when L system metal which has hep structure takes a stratified 
deformation organization, it will include a part of bec structure in bulk material. Another purpose is for 
high-density defects', such as transposition's introduced by plastic working's, such as strip processing's, 
and a stacking fault's, remaining in the final state, or measuring and judging the half peak width of a 
suitable diffraction peak. In Table 1, the judgment of a defect considered as those with defective, when it 
was able to distinguish clearly, and the half peak width of an X diffraction peak which can belong was 
measured and there were 1 degrees or more of half peak widths to the sample before carrying out 
hydrogen-absorption processing, and when it was a 1 -degree non-drop, it was displayed that he had no 
defect. 

A test result is shown in Table 1 . Each sample of the example of this invention of Table 1 had the 
stratified deformation organization which shows in the same sample at drawing 1 or drawing 2 . 
According to transverse-electromagnetic observation, over the direction of board thickness, although the 
layer of L system metal and the layer thickness of H system metal were not homogeneity, they were thin 
in the range of lOnm - lnm thickness. With reference to drawin g 1 , including the layer 2 of 1 
containing L system metallic element, and other layers 3 containing H system metallic element, 
typically, each class gathered in the processing direction and is prolonged in the stratified deformation 
organization 1 . The layer of 1 and other layers do not necessarily need to be alternations, although there 
is also a part arranged by turns, and other layers are formed continuously in the fragmentation part 4 of 
the layer of 1. Similarly, in the fragmentation part 5 of other layers, the layer of 1 is arranged 
continuously. In some parts of a sample, the portion with the clear processing direction was folded up 
like drawing 2 , and, on the whole, random crystal grain has gathered. Although the organization which 
shows drawing 2 was accepted in the high part of workability, such as a sample edge, in many cases, it 
is not necessarily limited to the high part of workability. The stratified deformation organization 
accepted in the sample of the example of this invention is different from the orderly structure to which 
the conventional thickness shown in drawin g 3 was equal. A laminated structure 101 consists of a layer 
102 of 1 to which thickness was equal, and other layers 103 in drawing 3 . such, although thickness 
gathers and is suitable in the set processing direction - being orderly — it is not necessarily desirable For 
example, with the structure shown in drawing 2 , since directivity was lost as a whole, the traverse speed 
of hydrogen improves . 

All of example No.of this inventionl-17 showed 2.0 or more H/M. As for H/M, No.7-12 and No.15 
showed 2.0 or more. Especially, since a high-density defect is included in spite of not including bec 
structure, example No.of this invention 2, and 5, 7, 9 and 14 show high H/M. This reason is that it is 
easy to carry out the segregation of the impurity near the defect, and the bias of a charge arises 
according to the segregation of an impurity in the near, and the trap of the hydrogen atom is carried out 
to the bias as described above. 

When processing it an oppressive total like an example 1, many defects are introduced during a crystal. 
The these-introduced defect changes to the state where the defect became entangled by the increase in 
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the number of processing repetitions. These defects act as a high-speed diffusion path of hydrogen, and 
it not only raises hydrogen-absorption capacity as mentioned above, but they reduce the discharge 
temperature of hydrogen. These defect density is estimated by the half peak width of an X diffraction 
peak. However, since it is thought that transposition cannot exist easily in the crystal grain child, the 
defect density said here does not necessarily express only dislocation density with the fine crystal 
material of nano meter order. In order to increase the diffusion rate of hydrogen, a half peak width may 
be 0.2 degrees or more. In order to make hydrogen storage capacity increase furthermore, it is desirable 
to have the half peak width of 0.5 degrees or more. Since each example of this invention displayed on 
Table 1 as those with defective has the half peak width of 1 degrees or more, it has contributed to 
improvement in H/M greatly. 

Moreover, about example No. of this invention 5 (Mg/nickel (mole ratio 2:1 of Mg and nickel)) of Table 
1, above-mentioned Horiba EMGA621 performed temperature up analysis, hydrogen-desorption speed 
was found on 10 degrees-C heating conditions for /of programming rates, and it compared with 
Mg2nickel of bulk material. Discharge of hydrogen was accepted from 50 degrees C, and discharge 
speed became the maximum at 100 degrees C example No. of this invention 5. On the other hand, as for 
Mg2nickel of bulk material, discharge of hydrogen was performed in 200-300 degrees C. Therefore, the 
hydrogen-absorption material concerning this invention becomes possible [ being used for the hydrogen 
source of supply for a nickel hydrogen rechargeable battery or fuel cells practical ] by adding strong 
processing to which the half peak width of an X diffraction peak becomes 1 degrees or more as 
mentioned above, and raising defect density. Unlike the manufacture method by the ion plating method, 
the manufacture method by this rolling is suitable for mass production method, and it is possible to 
manufacture the hydrogen-absorption material concerning this invention of ton order on the basis of 
high productivity. 
(Example 2 : wire drawing) 

First, the example 2 in which the stratified deformation organization which relates to this invention by 
wire drawing was formed is explained. What is shown in example No. of this inventionl-12 of Table 2 
was used for one kind of L system metal, and H system metal [ one kind of] combination. Moreover, 
what is shown in example No. of this inventionl3-17 was used for examples, such as two kinds in H 
system metal, and one kind in L system metal of combination. However, example No.of this invention 
15 consist of two kinds of sheet metal of L system metal and H system metal, and the Mg-Si compound 
(silicification magnesium) is used as an L system metal. 
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Next, the manufacture method of the specimen of example No.of this inventionl-12 of Table 2 is 
explained. The powder of L system metal and H system metal was packed into the copper pipe with an 
outer diameter [ of 20mm ], and a bore of 1 6mm, after adjusting to each mole ratio shown in Table 2 and 
mixing sufficiently uniformly. The size of the path of each powder was set to 1mm or less. As for the 
size of this powder, it is desirable to be referred to as 50 micrometers or less. Then, the terminal of a 
copper pipe was closed and wire drawing was performed, although the roller die performed wire 
drawing — swaging and a hole — it is based on a dice — it draws out or is possible also by rolling 5% - 
30% of within the limits performed the degree of wire drawing by the reduction of area per one pass, 
and the total reduction of area could be 96% or more. This total reduction of area may be 99.5% or more 
preferably. If heat treatment of 300 degrees C or less is performed in the middle of wire drawing, it will 
be easier to process it, and the adhesion of powder will go up, and density will improve. Chemical 
preparation or machining removed the copper of the front face of a wire after processing, and the wire of 
the mixture of L system metal and H system metal was obtained. These wires were started and the 
hydrogen test object which measures hydrogen-absorption ability H/M was extracted. Moreover, two or 
more wires were summarized, the cross section was started, and the specimen for X diffractions which 
embedded to the resin and was ground was produced. The measuring method and X-ray diffraction 
method of H/M were performed like the example 1. 

According to the test result shown in Table 2, the example of this invention showed the value with as 
high H/M as [ or more ] 2.0. In these, in spite of not including bcc structure in the layer of L system 
metal, No. 2, and 5, 7, 9 and 14 are a high H/M value. This originates in high defect density, as the 
example 1 was explained in full detail. That is, in the example of this invention, since the half peak 
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width of an X diffraction peak is 1 degrees or more, transposition, the stacking fault, etc. are formed by 
high density. On the other hand, it is a pulverization plain-gauze cone by the repetition cycle of 
absorption of hydrogen and discharge since H/M is within the limits of 0.5-1.5 by the bulk material of 
No. 18-21 of the example of comparison and it is moreover bulk material. 

In order to grasp the influence affect the above-mentioned hydrogen-desorption temperature of high 
defect density, hydrogen desorption was investigated about example No.of this invention 5 of Table 2. 
Search procedure is as having indicated in the example 1. Consequently, example No.of this invention 5 
of Table 2 began hydrogen desorption from 50 degrees C, and it made them clear that the discharge 
speed maximum at 100 degrees C is shown. On the other hand, as for Mg2nickel of bulk material, 
discharge of hydrogen was performed in 200-300 degrees C. Therefore, it turns out that a high-density 
defect is introduced into hydrogen-absorption material by wire drawing, and hydrogen-desorption 
temperature is reduced by 100-200 degrees C by it. Consequently, it becomes possible to use it as a 
hydrogen source of supply for the electrodes and fuel cells of the nickel hydrogen rechargeable battery 
used for elegance every day. These wires are made into the shape of a sheet with-like [ wire ] etc., and 
are used for the electrode of a nickel hydrogen rechargeable battery etc. According to the above- 
mentioned wire drawing, the hydrogen-absorption material of this invention of ton order can be 
manufactured under high productivity. 
(Example 3 : mechanical alloying) 

Mg pellet, nickel carbo nil powder, and metal chromium powder were used as the raw material, and 
mechanical alloying (MA) was beforehand carried out for 500 hours with the planet ball mill with which 
Ar gas was enclosed after preliminary mixture by the V type mixer at a rate of the last composition ratio. 
After preforming the obtained powder by the pressure of 500MPa(s) using metal mold and heating it at 
300 more degrees C, extruding was immediately carried out by the extrusion ratio 10:1, and a cylindrical 
material was obtained. In the gestalt 3 of this operation, a stratified deformation organization is formed 
in the surface section of each powder in the stage of mechanical alloying, it is further lengthened by 
extruding, each powder extended in the direction of extrusion overlaps, and the stratified deformation 
organization is formed. In addition, since it is 651 degrees C of melting points of Mg, 1450 degrees C of 
melting points of nickel, and 1890 degrees C of melting points of Cr, the above-mentioned heating 
temperature of 300 degrees C has been enough settled in 80% or less of the melting point of each 
material. That is, the 80 above-mentioned% of temperature is 520.8 degrees C about Mg, and the heating 
temperature of 300 degrees C is a low from this temperature. 

The hydrogen test object was extracted from the above-mentioned cylindrical material, and H/M and 
hydrogen-desorption temperature were measured by the same method as an example 1. H/M of the 
specimen of this example 3 was 2.5. Moreover, hydrogen desorption began from near 50 degree C, 
discharge speed became the maximum in 80 degrees C - 100 degrees C, and when 100 degrees C was 
reached, about 80% of the hydrogen which carried out occlusion was emitted. Moreover, since powder 
was left'beforehand and it had turned minutely, even if the repetition of the occlusion of hydrogen and 
discharge was performed, detailed-ization of hydrogen-absorption material did not advance notably. 
(Example 4:cyclic press) 

By being made from Mg sheet metal, nickel sheet metal, and Cr sheet metal, the size was arranged 
combining each sheet metal and it carried out semipermanent [ of the edge ] by spot welding after 
cutting so that the last composition ratio might be formed beforehand, then, simple - metal mold - after 
having pressurized by welding-pressure 800MPa in inside, carrying out the obtained layered product for 
2 minutes and defecating a front face, it piled up again and pressurized The cycle of formation ** of the 
layered product as this pressurization, cutting, surface-cleaning-izing, and a press work material was 
repeated 1000 times, and the stratified deformation organization was obtained. 

Hardening of material began from the hit exceeding 200 times by this cyclic pressing method. Then, the 
material which repeated the press 1000 times was held at 500 degrees C in hydrogen of 99.99% of purity 
for 24 hours, and the oxygen in material was removed. Although the hydrogen storage capacity of the 
obtained material was 3.0 in H/M, hydrogen absorption temperature and hydrogen-desorption 
temperature fell within the range of 100 degrees C from the room temperature, and the burst size to the 
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amount of occlusion was 80% or more. As a result of an affinity with hydrogen putting strong Mg with 
the material from which the crystal structures, such as nickel and Cr, differ as a reason which the 
absorption temperature and discharge temperature of hydrogen were able to **** within the limits of 
100 degrees C from the room temperature, a big grid strain occurs in the crystal lattice in Mg, and it 
thinks because the bond distance of hydrogen and Mg was extended. In addition, the heating 
temperature of 500 degrees C in the above-mentioned hydrogen annealing is a low from 80% of 
temperature of 520.8 degrees C of 651 degrees C of melting points of Mg. 
(Example 5) 

To the same material for processing as an example 4 (start material), it rolled out at 20% of rolling 
reductions with the roll pressure total machine, and it layered-product- formed and cutting, surface- 
cleaning-izing, and ****** that goes away were repeated 1000 times. The obtained sample was heated 
at 500 degrees C in hydrogen of 99.99% of purity, and was held for 24 hours, and the oxygen in a 
sample was removed. As for the hydrogen storage capacity of this sample, the value with as high H/M as 
2.5 was acquired. Hydrogen absorption temperature and hydrogen-desorption temperature fell within the 
range of 90 degrees C from the room temperature, and the burst size to the amount of occlusion was 
85% or more. 

As a result of inserting Mg with a strong affinity with hydrogen with the material from which nickel, 
and Mg and the crystal structure of Cr differ as a reason which was able to make the absorption 
temperature and discharge temperature of hydrogen within the limits of 90 degrees C from the room 
temperature, a big grid strain occurs in the crystal lattice of Mg, and it thinks because the bond distance 
of hydrogen and Mg is extended. Since directivity arises in processing especially in a roll pressure total, 
it may be extended by the crystal lattice of Mg in the processing direction. 

By this invention, the hydrogen- absorption material to which it has high hydrogen-absorption capacity 
by methods, such as strip processing which can be mass-produced, and hydrogen-desorption 
temperature fell to about 100 degrees C can be offered. Consequently, the large-scale use in related 
industries including energy, such as energy conversion system which used the electrode material of the 
nickel hydrogen rechargeable battery for an automobile drive using the low hydrogen-absorption 
material of hydrogen-desorption temperature, a fuel cell, and hydrogen so much, is attained. 
In the above, although the example of this invention was explained, the example indicated above is 
instantiation to the last, and the range of this invention is not limited to these examples. The range of this 
invention is shown by the publication of a claim, and includes the publication of a claim, an equal 
meaning, and all change in within the limits further. 
[Brief Description of the Drawings] 

Drawing 1 is the ** type view showing one stratified deformation organization accepted in the 
hydrogen-absorption material of this invention. 

Drawing 2 is the ** type view showing other stratified deformation organizations accepted in the 
hydrogen-absorption material of this invention. 

Drawing 3 is the ** type view showing the conventional laminated structure. 

Drawing 4 is the ** type view showing the composition of the equipment which realizes hydrogen- 
absorption processing. 



[Translation done.] 
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